Introduction 62
Mecoprop-p ((R)-2-(4-chloro-2-methylphenoxy)propanoic acid) is a 63 phenoxyalkanoic acid herbicide used widely for post-emergence control of broad-leaved 64 weeds in cereal crops in autumn and spring. Mecoprop-p has a high water solubility and 65 poses environmental concern because its low sorption, high mobility and slow 66 degradation in soil make it susceptible to leaching from soil to water. This pesticide has 67 been widely reported at concentrations above the EU guideline value of 0.1µg l In order to predict the fate of pesticides in the environment, it is important to 86 understand the factors which control differences in the biodegradation rate of pesticides 87 with soil depth. Since mecoprop-p shows very low sorption in soil, bioavailability is 88 unlikely to change with soil depth (Kristensen et al., 2001 ; Johannesen and Aamand, 89 tfdA group includes three classes of genes, termed I, II and III, which show more than 106 80% sequence homology to each other (McGowan et al., 1998) , and which are found 107 within the β-and γ-proteobacteria. 108
tfdA-like genes whose product accepts 2,4-D as a substrate have also been 109 detected in oligotrophic α-proteobacteria, in particular the genus Bradyrhizobium (Itoh 110 et al. 2002; 2004) . These have 46 to 60 % similarity to the canonical tfdA types (Itoh et 111 al., 2002; 2004) and are distinguished by the alpha suffix in tfdAα. Also implicated in 112 the first step of 2,4-D catabolism in the α-proteobacteria are cadABC genes, which are 113 predicted to encode functional subunits of a multicomponent 2,4-D oxygenase 114 (Kitagawa et al. 2002) . In the case of the chiral phenoxypropionic acids (e.g. tfdA genes have been found exclusively in β-and γ-proteobacterial strains isolated from (Whitfield, 1974) . Mecoprop-P had been applied to the field 3 years prior to sampling, 139 and the related herbicide fenoxaprop-P-ethyl ((RS-2-[4-(6-chloro-1,3-benzoxazol-2-140 yloxy)phenoxy]propionic acid) had been applied 5 years previously. No other 141 applications of phenoxyalkanoic acid herbicides had been applied in the 10 years prior 142 to sampling. Soil was collected from five depths at three sampling locations. Three pits 143
(1-3) separated by 60 m were excavated to 1 m depth using a mechanical digger, in 144 (Table 1) . In top-soil (depths above 30 cm), 258 mecoprop-p degradation rates were similar in soil from all three sampling locations and 259 proceeded rapidly without a lag phase (Fig. 1a-c) . Top-soil biodegradation kinetics were 260 most closely fitted to a linear model, and DT 50 occurred within 13 d (Table 1) . In sub-261 soil (depths below 30 cm), kinetics most closely followed the Gompertz model (Fig. 1) . 262
There was a lag phase of between 23.3 and 33.4 d prior to a phase of rapid degradation 263 (Fig. 1, Table 1 ). However, there was substantial variability in degradation rate between 264 the sampling locations and at site 3 in samples taken from below 60 cm depth, there had 265 been no rapid phase of degradation after 80 d (Fig. 1c) products of the correct size (356 bp) could be amplified from the pooled 0-10 cm 282 sample prior to mecoprop-p addition and at the point of 100% mecoprop-p degradation 283 and these were cloned. Phylogenetic analysis of cloned sequences is shown in Fig. 2 . 284
The data indicates that the soil supported diverse tfdAα and tfdA sequences, although 285 some of the branches of the phylogenetic tree were not well supported using the 286 neighbour joining method with bootstrap percentages less than 50%. Clones with high 287 homology to the tfdAα gene were found with the same abundance prior to and after the 288 degradation of mecoprop-p. The tree shows fairly strong support (92%) for 27 of the 289 soil clones from both mecoprop-p treated and untreated soil clustering with between 290 69% (clone U20) and 91% (clone M22) identity to known tfdAα sequences from 291 bradyrhizobial isolates (e.g. Bradyrhizobium strain RD5-C2) and also with sequences 292 amplified from enrichment cultures from other UK soils. There was also strong support 293 (100%) for one clone sequence from mecoprop-p treated soil (clone M1) clustering with 294 99% identity to the tfdA of Achromobacter xylosoxidans EST4002, a known class III 295 tfdA, and, with 78% identity to tfdA from C. necator JMP134 pJP4 (class I). The 296 analysis also identified that the remainder of the clones (both mecoprop-p-treated and 297 untreated; M20, U15, U26, U14, M23, U18, U1, M15, U17, M9, M24) did not cluster 298 with tfdA or tfdAα from cultured strains. 299 300
Quantitative PCR of tfdA genes 301
Prior to mecoprop-p treatment, the number of tfdA genes in the soils was below 302 400 g -1 soil. Even though it was possible to detect tfdA genes in the soils prior to 303 mecoprop-p application (Fig. 3) , the reliability of the PCR decreases below 400 tfdA 304 genes g -1 soil so that quantification was not possible. Subsequent to mecoprop-p 305 degradation we observed a significant increase in the tfdA genes with numbers ranging 306 from 4.74×10 4 -7.66×10 4 genes g -1 soil (Table 1) . ANOVA revealed that there was no 307 significant difference in the number of tfdA genes in soil from different depths. 308
Furthermore there was no significant relationship between the number of tfdA genes and 309 DT 50 or the MPN of mecoprop-p degrading organisms. 310
In addition to the quantitative data obtained from the real time PCR, we were 311 able to investigate diversity in the tfdA genes present prior and subsequent to mecoprop-312 p degradation (Fig. 3) . Prior to the mecoprop-p treatment class I as well as class III tfdA 313 genes were detectable in the soils. However only the class III tfdA gene was detectable 314
at the point of 100% mecoprop-p degradation, although the possible presence of class I 315 sequences cannot be excluded. Identical melting curve profiles were obtained for all 316 samples prior to and after degradation, but in order to simplify the results one 317 representative profile is presented for DNA extracts prior to mecoprop-p application and 318 one profile for DNA extracts after 100 % degradation. 319 320
Denaturing gradient gel electrophoresis of tfdA genes 321
In order to investigate the dynamics of tfdA genes during mecoprop-p 322 degradation DGGE analysis was performed. Samples had between 4 and 5 separate 323 DGGE bands (data not shown), but there was no difference in banding number or 324 pattern either between sampling times, depth or location. However, bands were 325 observed to be stronger in samples taken at 100% degradation than at 0% degradation. 326 soil particle size and bulk density in experiments suggest that differences in 342 bioavailability or dispersion of mecoprop-p cannot account for the difference in 343 biodegradation kinetics. 344
The length of the lag phase is thought to reflect the time taken for adaptation to 345 produce a catabolic population or for the growth of an initially small adapted population 346 to a size which produces measurable biodegradation (Alexander, 1994) . Given the short 347 length of the lag phase, in the current study it most likely reflected growth of adapted 348 strains. Using quantitative PCR and DGGE we were able to detect tfdA genes in both 349 top-and sub-soil prior to mecoprop addition. Thus, we know that the catabolic 350 potential, at least with respect to the first degradative step, was initially present at all 351 soil depths. Although detectable, the number of tfdA genes was below the limit of 352 quantification for the qPCR method and therefore we were not able to define a Interestingly, when we used primers that targeted both tfdA and tfdAα, we only 424 recovered one clone (M1), from soil treated with mecoprop-p, which was closely related 425 (99% sequence identity) to class III tfdA. That the only tfdA sequence to be detected was 426 class III is in agreement with the melting profile analysis which indicated that the class 427 
